The purpose of the current study was to investigate the relationship between fat-free mass and shot put performance at the beginning of the winter preparation cycle and at the first peak of the season (12 wk later) in well-trained shot-putters using the rotational style. Methods: Eight national-level shot put athletes followed their individual training programs for a period of 12 wk aiming at the national indoor championship. Shot put performance with the rotational style as well as from the power position was determined before and after this 12 wk period. Body composition was determined before and after the training period with dual x-ray absorptiometry. Results: Shot put from the power position was increased by 3% (P = .03) while shot put with the rotational style was increased by 6.5% (P < .01). Fat-free mass, body fat and bone mineral density were not altered after the training period. The correlation coefficient between fat-free mass and shot put performance from the power position was significant (r = .76 preseason vs r = .66, competition; P < .05). The correlation coefficient between fat-free mass and shot put performance with the rotational style was significant at the beginning of the training period (r = .70, P < .05) but it was decreased to moderate and nonsignificant levels at competition (r = .55, ns). Conclusions: These results suggest that the increase of fat-free mass might not be the most essential element for competition when the rotational shot put style is involved.
Shot put performance is based upon muscle power production. 1 One of the main parameters determining muscular power is the amount of muscle involved in a movement. 1 Hence, shot put athletes spend a large fraction of their preparation using resistance training to improve muscle mass/strength. 1 In an early study, 2 a strong correlation was reported between fat-free mass (measured with skinfolds) and shot put performance in athletes using the linear shot put style. In the recent years, a large number of shot put athletes have adopted the rotational style which is thought to favor athletes with a greater ability to produce speed after taking the power position. 3 This suggests that power production during rotational shot put might rely more on speed of movement or the rate of force development and less on muscular mass/strength. However, to our knowledge, no studies have determined the relationship between shot put performance with the rotational technique and fat-free mass, until now. The purpose of the current study was to investigate the relationship between fat-free mass and shot put performance with the rotational style in skilled athletes at the beginning of the winter preparation cycle and at the first peak of the season (12 wk later).
Methods

Athletes and Training
Eight of the best male Greek performers in shot put (age 25.4 ± 1 y, height 187.3 ± 2 cm, body mass 112.8 ± 10 kg, BMI 32.1 ± 0.6), gave their written consent to participate in the study, after being informed about the experimental procedures. Each athlete followed an individual, periodized, training program (average nine training sessions/week) for 12 wk, aimed to peak their performance at the indoors national championship (middle of February). Details of the shot put measurements and the training program have been reported elsewhere. 4 All procedures were performed in accordance with the principles outlined in the Declaration of Helsinki and were approved by the local ethics committee.
Shot Put Performance
Shot put was performed indoors on a standard circle as previously described. 4 Subjects performed six trials from the power position and subsequently six trials with the rotational style (7.260 kg implement). Three minutes rest was allowed between each trial. The average of the two best throws from each test was used in further analysis.
Dual X-Ray Absorptiometry
A total body scan was performed before and after the training period (DXA model DPX-L, LUNAR Radiation, Madison, WI, USA) and analyzed using the LUNAR Radiation body composition program. Fat mass, fat-free mass (FFM) and bone mineral density (BMD) were determined for the trunk, legs, arms and total body.
Statistics
Mean and standard error of the mean (mean ± SE) were used to describe each variable. Pearson's r correlation coefficient was used to explore the relationship between different variables. Dependent t tests were performed to determine differ-ences in performance and body composition before and after the training period. A value of P < .05 was chosen as a two-tail level of significance.
Results
Shot put performance from the power position increased after training (13.97 ± 0.3 m vs 14.34 ± 0.3 m, P = .03, 95% confidence intervals = −3.00 to 0.98, effect size = 0.54). Shot put with the rotational style also increased after training (15.59 ± 0.5 m vs 16.60 ± 0.6 m, P = .002). Fat-free mass remained unaltered (85.4 ± 1.7 kg vs 85.5 ± 1.7 kg, P = .95; Figure 1 ) as did body fat (18.9 ± 1.2% before vs 18.8 ± 1.2% after, P = .90) and BMD (1.487 ± 0.009 g/cm 2 before vs 1.489 ± 0.013 g/cm 2 after, P = 073). Body mass remained unaltered (112.8 ± 10 vs 111.8 ± 8 kg, ns). Shot put performance from the power position was significantly correlated with fat-free mass both at preseason and at competition phase (r = .76, P < .05 preseason, r = .66, P < .05 at competition phase). Shot put performance with the rotational style was significantly correlated with fat-free mass at preseason (r = .70, P < .05; Figure 2 ), but not at competition phase (r = .55, ns). Shot put performance was significantly correlated with arms FFM at preseason (r = .85, P < .05) but not with legs FFM (r = .45, ns). Trunk FFM correlated significantly with performance from the power position (r = .82, P < .05). A significant relationship was found between whole-body FFM/height and performance at preseason (r = .67, P < .05), but not during the competition period. 
Discussion
The main result of this study was that FFM was moderately correlated with rotational shot put performance at the beginning of the athlete's preparation cycle. However, this correlation became low and nonsignificant at competition phase. Because shot put performance increased, these results suggest that FFM affects moderately shot put performance when the rotational style is involved, in well-trained athletes. In support of this, fat-free mass remained unaltered with training while shot put performance was significantly increased. It is worth noting that fat-free mass of the two best performers which participated in the current study (eg, the first and second national champions the previous 2 y), was reduced by an average of 3% after the training period while their rotational performance was increased by an average of 8% (Figure 1) .
Interestingly, FFM was better correlated with shot put performance from the power position than with shot put with the rotational style. Thus, the present results suggest that when a more complex throwing style is adopted (eg, the rotational), total fat-free mass seems to play a less important role in shot put performance compared with a simple throwing technique (eg, shot put from the power position). This further suggests that other parameters might be more important for rotational shot put performance, such as the neuromuscular activation level during the shot put. 5 Furthermore, factors such as the level of arousal, the rate of force development or improvements in technique might have influenced the performance improvement at the competition phase. 
Practical Implication
The development of fat-free mass should not be one of the main training goals for experienced shot-putters performing with the rotational style.
Conclusions
The results of the current study suggest that although associated with shot put performance, fat-free mass is less important for competition when the rotational style is involved.
